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Abstract, The backcross breeding procedure has b**& used widely to transfer simply Inherit^ tmiu into elUr ze nntype-s. 
Genetic uaxkerj can increase the effectiveness of backcro**U\g by 1) increasing the probability of obtaining » suitable 
COfiVefsion, aad2) decreasing the tfrnq required to achieve an acceptable recovery. Simulation and field rtrolrj indicated 
that, for a genome consisting of ten Z00*cM chromosomes, basing selection on 40 or 80 markers in 50 EC Individuals tint 
carry the allele being transferred can reduce the number of backcross generations needed from about seven to three. 



The backcross breeding procedure: has bczn used -widely 
to transfer simply inherited traits into eljtc ftcfiOCvpcS. 
TJsualiy, the trak being transferred is corttroUrd by a 
single gene, but highly heritable traits lhar arc moit complexly 
in hen ted have also been transferred Successfully by biKkcroas- 
inr; for example, znaiurity in maize fRlnke and Senlz, 1961; 
Shaver, 1976). Today, Uekcrossmff w beinj: used to transfer 
genes introduced by such techniques as transfortn^tiOA or 
mutation Into appropriate germ pi asm 

Several plant breeding textbooks give good descriptions of 
the backcioss procedure (AUard. I960; Fehr, 1987). A donor 
parent (DP) carrying a trait of interest is crossed to thfi recurrent 
parent (RP)> an elite line that Is lacking the trait. The Is 
crossed back co ihc RF to produce the BC ( generation. I/i the 
BCj and subscijuciit backcross ^efterationi. selected individu- 
als carry In g the gcoe hnir^g transferred arc backcrowed to the 
Rp. The expected proportion of DP gtnorno is reduced by half 
with each generation oFb^kzrwtotljrnonng effects of link- 
age to the Selected DP allele being ir&iuferrcd, the percentage 
recurrent parent {%KF) genome expected in each backcross 
gen era don is. caJCuIatad as: 

%RP » lOO [1 - (0.5)^'] 

Where n is the number of backctqssea. 

BaclccrossiTig of Selected planTi to the RP can be repeated 
each Cycte Utltil a line is obtained thai a essentially a verjl on of 
the RP thai include! the mtregtessed allele. After six back- 
crowes. the expected recovery 15 >99% (Table I). 

Until recently, discussion* of th* recovery of the RP genome 
during backcrosfting hive cmphasrad the expected values for 
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%RP shown in Table 1, and have largely ignored the gene-tic 
vari'aticiri for %RP that exists around the expected mean. With 
the development of genetic itio^keri capable of providing good 
^nomacciveragc, there ha* been mrcrcsdn raising advantage of 

thai variation tr> increase the efficiency of b&ck£rQ$5lrt£. 

S el action for marker aJlclas can increase Er^atly th* 
effectiveness of backcross pro grams by allowing the breeder to 
1) select backeross plan 1$ that have 2 higher proportion ofRP 
genome, and 2) select backcross Individuals that are betur 
conveniens near a mapped donor *11^Tp being rransfr.rreri (i e , 
select f or less linkage drag). Expressed in practic J terms, using 
generic raarkcxs to aiiisi barkerossiog can I) In cm as e the 
probibiliry of obtaioing a suitable conversion, and 2) decrease 
Ihe timft required to achieve an acceptable recovery. 

Issues to consider when flanolng a marker-assisted back- 
cross program Include 1) the time advantage of using markers 
to assist backcross Ins, V the n umber of marker* needed, and 3) 
the number of genotypes to evaluate. In this report, we use 
results from previous literature, cotnpurar simulation, and em- 
pirical studios to premde some guidelines. 

T»bl# 1. Expect**/ rtcwry ofriwrrwnt part*t(XP} ginpirV durirtg 
badtCnMSiUf. asfuitiln$ mo linkage u> \hs ftrf/rtf fKtn*fcr*l4 t 
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\jQttrSib and methods 

The ma'.ze gtnofr,c was the mO*it:l For the simuldUCru The 

-.-v.i'ar-d ■.;ep.rrr,<r con^lnr j:en tOO-cM ~hi ;:rT.or>orr,es. Sit.'.: 



reduced from about Seven to Ihrcc. 

By the BCj generation, there appears lo be; no practical 
advantage to using 5DO vs. ICQ individuals. If the presence of 

ihn do^.of In the b^ck"ro c ,<; tndivi r!ua U :m h* .-^c^alned 



generated one «oai over for every 100-cM length. The simula- 
tions reported ben- assume no interference. Codoininant fie- 
nsiic markers were evenly distributed in the genome and situ 
0 f the donor gene were randomly wslgned to genome- locations. 

Simulations were coed'.: wjrri the following parameter: 



Tniir'kfi.v '*0 ; -0. 30, : ." 
Number selected eo form the next BC gen^iion: 1 or 5. 

a^'j. -don was ba^l on I) prwer:r.e(M"^w oonor^'.f -rul '2; 
ktgh %RP). ToRP w45 calcidaLcd ^5 the ivvrii^c of iic (ur.c or 
five) selected individuals. Values presented are the mean of 50 
simulations. 

Result* 

In the computer sirpulation study, all mtthods modeled 
greatly increased The speed of rscovedng the RP genome 
f compared to ihc expected recovery with no markers sis ted 
ctlcction [compare Tables 1 and 2). At Ic-tsc ftO markers were 
requited to recover 99% of the genome in just thi« BC 
generations (Table 2}. Use of at least 80 markets and 500 
progeny &Uowcd recovery gf 9*% RP in jvist two BC genera- 
tons, R^apoose to selection wua dlirtiriisbed only slightly by 
spreading effort ovtr five selections Lfeing makers, rh* 
number of buckcross gcnei-iiUunsaeede<i :o convert an Ucred iZ 



When a small number of Trurkers arc used, they quickly 
became non-informative; i.e., selection cause* the marker loci 
to became fixed for the RP type bc/orc the rest of the Cenome 
Is fuljy converted (Tabic 3; Hospital et a!, ( 1992), This tuuadon 

-a* mos: prominent in the larger populations, where a higher 
,-:c~tion inir.iiiiiy [:'^_-^<l mint icIeoLiuTi p»crsv;:rr v.\ rh; - , 

-.-..irkc: A^i^i^ir.k'iv. if is nf intermit ^> Civ, ■.<■'.»: V'-'- 

%K.P based on few a niaikeni and subscquejuaeleiiion lends rj 
bi^ the estimates L-r-ward .^compare Tables 2 and 3). 

Trc frorti .% : t;;u1 ctior. COtnparc "al:)} x \\\ rr-1 f?cV^ 

Jiu. In atypicr.l ciar^plr., SO tiC t pi-' CArr/i n ^ the ^rier.slr.t 
It ana f erred were geno typed at 83 poly mo rp tile RFLP loci (note 
that this corresponds to » popaUdon sizt Of 100 un$elecLed 
plants in Tables 2 and 3), The five best BC 4 recovexiw had 
cirimatcd %RP valu-a of 85.9% F &2.7^i, 52.0%, 81.-*%, and 
3L2S6. After evaluating 10 BC^ plants Urcm each aelec^dBC,. 
the b^.st BC, recovery had an estimated %KP of 94.6%. 

Disruption 

The simulations (Table 2\ Hosplul ti it., 1992) and our 
experience i ftdicate dial four markers per 20O-cM chromcjiome 
k adequate to grco'Jy incrtasc. the effectiveness of lection \T\ 
the BC , Ho'^evef, using only four markers per 200 cM wi'l 
likely make it very difficult to UUp the loCfiLtiAn of the »t*ne of 
interest. Adequate sunrj-ridrization of Lhc dlL<* m xr\ impailniiT 



T*bk Z. Pcn.crJ ( ztLifrgru parent grncmt during m3rirr-a.t listed iwckcmtt'n^. 
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* pjnof a mau-ker-a^istcd backcrosi prognmuIdoaUy, the mark- 
trt used can supply data that can be represented as alleles oflocl 

' yith kno^Vn mnp position, E^tirriuhoTi of %RJ\ mapping the 
position of the locus of interest, and graphical display of chc 

^r-U.c lYnunt; xr.d Tonfcilry, a*-? si* u^fri) in -iiflcr- 



sujgest ways to Incorporate the two criteria Into a selection 

\nd?.x> such that each component of selection is «5UCe<J appro- 
priate »»i;ljjhung- 

U^f 5 rnrhr:TT^rkcr5-3Ti jreajy in crease the effectiveness 



It appears ttat, with ihc use of genclic rruukcrj, llic portion 
of the RP genome that Is not Jinked to the allele being tians- 
furred c^i be recovered quickly And with confidence. The 
recovery- of RP will bealuwer Oil the 'jhiumosorr,e currying Che: 
.?'.7.z of inters*;;. A cnr.M J r]:.T^hk en:our*t ;;f jink-;;- .~ry? h 
txy^~^i\ to :-t:i„ -\i;y iS^lLGU l-jf 0r.£ I'A' 1 t\\j\z ..i i c 
•ir.ss.i pr j^rrm. Frr : j . Innj^ 1" "ir-ij in the mid:!"!.", i ..-I^V-M 
•: • •::r:, ' /. .. : t .- D? c\\:;ys.z:^.:.:.* :vr.r 

tfic BC , fSC jr unci BC T ^eneniuons, respectively (Hanson, 



/.iftMrest, but chstc selection for recovery of the Rp eb where in 
the gsnome also be considered* Thij two-stace jelecrioa can 
probably be done quite effectively ad hoc by the breeder once 
the el«a Js adequately auminarircd; however, Hospital ct al. 
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